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(54) GROUP-HI NITRIDE SEMICONDUCTOR LIGHT EMITTING DEVICE 

(57)Abstract: 

PURPOSE: To improve the ohmic contact performance 
with a metal electrode by a method wherein a layer 
which is the contact layer for a P-type layer and is 




brought into direct contact with the metal electrode is 
doped with acceptor impurities so as to have a higher 
impurity concentration than the P-type layer. 
CONSTITUTION: A silicon-doped high carrier 
concentration n+Hype layer 4 having an electron 
concentration of 2 X 1018/cm3, an Mg- Cd- and silicon- 
doped p-type light emitting layer 5, an Mg-doped p— type 
layer 61 having a hole concentration of 5 X 1017/cm3 
and an Mg concentration of 1 X 1 020/cm3, an Mg-doped 
s cond contact layer 62 having a hole concentration of 5 
X 1017/cm3 and an Mg concentration of 1 x 1020/cm3 
and an Mg-doped first contact layer 63 having a hole 
concentration of 5 X 1017/cm3 and an Mg concentration 
of 1 x 1020/cm3 are formed. An electrode 7 which is 
connected to a first contact layer 63 and an electrode 8 
which is connected to the high carrier concentration n+— 

type layer 4 are formed. A p-type layer which is doped with Mg so as to have an impurity 
concentration 1 X 1020-1 X 1021 has an improved ohmic contact performance with a metal 
electrode. 
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(54) HM<Z>«*] Sfllfift^WffSBtSH 1 

(57) mm 

Ktt«£E«){6;T 
WWfcl t7r^7Kffil±^ 500 AOA1N ^/<y7 
712, BWW&2.0 Mm. m^?S*2 X 10 18 /cm 3 ^Si K 
— y^GaN (D^^v-Y ] J 7lSn + 13, MWKI2. 0/j m. 

2X10 18 /cm 3 COSi K— ^(Al x2 Ga 1 _ x2 ) v2 In 
i_ v2 N <E>K3r* y T««n + 14, l»B:#K>.5 m m, M 
g, ZnRtfSi K— ^(AlxiGax-xiJyilni-viNOpeSIS! 
<03£JfcJi5, Rffttl.O Mm, *-/Mg^2 X10 17 /cm 3 
<£>Mg Y—~?<D (AlxzGai-xz) vzIni-ysN <D p 1 6 1, J^J? 
^]0.2 Mm, *-vH»gE 5X10 17 /cm 3 , Mgj»«l X 10 2 ° 
/cm 3 (DMg K~ 7°^GaN ^^$2=/^ hi 6 2, 
|g£JTO500 A, * — 2X10 17 /cm 3 , fttgftft 2X10 

~°/cm 3 <7)Mg K — :/<7}GaN /^J^Hl hf63 
«M$iltl^ 0 pi6UH^t!)TMn + i4 

4: miS 8 t&l&J&o 
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to 5. 
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JP to 
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[»#*S 1 ] 3»eSfktt^**(AlxGavIni-x-vN;X=0, 
Y=0,X=Y=0 Sr^tp) TMSnfcpeilSrStpt, 
ne»It*tniSr1rt«»**?tl8^t ? ' 

LT^5Ji«:ttlBpJiJ: 9 fcMWfcT**:^* 

2 1 mJiBT * ± -?9 ^mmz^ 9* > * ^ (m 
^1x1 o 2o -i x 1 o 2i /cm 3 i^aywsnfcpe*!! 

x 1 0 2O ~l X 1 0 21 /cm 3 tCjRjDS*bfcpe*a!S:* 

[ff*^5] StrlE^** hJltt. ^^>^(Mg) 
3*5 1 x 1 0 2 °— 1X1 0 2 Vcm 3 ^^*DStl^JR«ffi^ 20 

g)3&s i x i o i9 ~5 x i o 2o /cm 3 (Dmmx-mmmim 
t 9 hi&mm^mn &n P eaissrsw-sis 2 s t <omm 

X~m& IstcZt SrttfR tt5»*S 1 fc:E*<0*** 

[»**6] iME=V#* h/fii. ^^v^-MMg) 
^l x 1 o 2 °-l x 1 o 21 /cm 3 l:tt^MIig(: 

■ Kl*-fri-*tfrlEpJiH\ -^^fr-MHg)** 1X10 

l9 -5xi o 2 °/cm 3 o«Sffl-effils^>^^ hJfJ: 9 h 30 

WL t -t Z IS* 1 ! 1 KB**)****-. 
[li*if 7] StlfS^>^^ MiiiGaN -e*>9. fulfil 

■7-0 

[0001] 

[*»±«>fiJJB$MF] *»W»3»l*<Ktt*»*ftfflv^ 
fc*3t*^F^H-r4o 40 
[0 0 0 2] 

ft*. *feO)3B3fcy^*-KfcLTAlGaIn 
Jt<^3IS6^lo-efcS#feS:3B*fet-t-5r. 

[0 0 0 3] ftifi, AlGalnN |#S»:fcPtfc, Mg£ 
K-'/Ltlt-i^ittLf:^ , SM^JlicJ: 9 p SILT* 

MM (id) £*«-&$-£fcMlS S^&^T, AlGaN 50 
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Op gt, Zn K — Zf<DlnGaN(D^ytM t , AlGaN <D n /f 
[0 0 04] 

$nfcGaN ^i^p,jxt^5 B r. <o^^9 * mbo^ 

]) TgStl 7X10 17 /cm 3 TriSSa-efc 9 . 
[0 0 0 5] fi£oT, *3B93£>Sftii. 5J^— /K^ffiASb 
[0 0 0 6] 

tt. 3 gi^K^*** (Al«CavIni-x-vN;X=0, Y=0, X=Y-0 

sr^tr) -e»j**ftfcpe»a!*:s^t-pii. nfemmz 

hST-fcoT^JRmffii-iS^^bT^^SSrpg 

[0 0 0 7] »*JK3^E«I^SSW«. ^>^^^h^ 
S:, -^^v"^A(Mg)^ 1 X 1 0 2 °— 1 x 1 0 21 /cm 3 

1 x l o 2 °~l x l o 21 /cm 3 IdSSiOSixfcpealH!*: 

[o o o 8] m^msizmm^mn. ^^*??vm 

-^^v"?^(Mg)^l X 1 0 2O -l X 1 0 21 /cm 3 

\z mm $ fr&mmm \z w.mm& l t P sr ^-r » i 

mt, ^^v/^i,(Mg)^ 1 X 1 0 19 -5 X 1 0 2O /cm 

3 (Z)ttH"e«(riE»iJi±9 tflS»K^as*n*ixpe*® 

«riP+JS 2 Jifc<o*II-T?«rtLfcr ti-So it 

g)^ 1 X 1 0 2 °— 1 X 1 0 21 /cm 3 (^gS^OSJx&JRSffi 

pJfSr-^^v'^^CMg)^ 1 x l 0 19 — 5 x l 0 20 
/cm 3 0>WBT?=># 9 h.S«t9 t(S»*JwgS*D$ttp 

iria<t<o*Wtt. 3^^^ hS^-GaN it, ^eMMM* 
[0 0 0 9] 



(3) 

3 

Sit) *>*a«lCT** :/**«&«: K-fc^^bfcC 
-r5wi:^x-tfc 0 -r*5*S*, SftiEt4Vl:ffiT$ 

g)tL«^i:it ^**>»-MMg)«ftS:l x l o 2 ° 
-lxiOVcm 3 t-t%m&&W.*L\<\ 

-A(Mg)^l X 1 0 2O -l X 1 0 21 /cm 3 IzmMZixfcp 10 
g8\ ^^^AOig)* 5 1X1 0 19 ~5 X 1 0 2O /cm 

[001 1 ] 

mmm 20 
g 1 mm 

mi\z#\i*x* SBfc^V^- Kl Ofi, t7r^TSI 

lStLTfc!), W7 7 ^7Sfil ±1^500 A«DA1 

N ^<y7ri2^MSht^5 0 ^ 7 7 Jf 2 

^)±C(^ JHir, jg|J?:^2.0 /i m, S^«*2 X10 18 /c 
m^v-y rn^K-^GaN ^ bj&S iS^r ^ y T?§S n + jf 

3, mmm.o urn, 2xio i8 /cm 3 ^>-y ^> 

K — ~?<D (AlxzGai-xz) y2lni- y2 N a>5>jSfc«i«4r* VTM 
Sn + i4, ttff*?lO. 5 /xrru ^^v'-MMgh # K 
S ^A(Cd)^c/i/y ^ ^ K^—^^O (AlxiGa 1 _ 3tl ) v iIni- y i 30 

/HftSS XlO'Vcm 3 , X10 2O /cm 3 cO 
Y*—~7<D (Al x2 Gai_ x2 )y 2 Ini_ y2 N ri^JSJcS 
pi6K fffiO. 2 u m, * — /Ujft^S X10 17 /cm 3 , 

X10 2o /cm 3 <7)^^^>^-A K~ ^GO 
GaN ^*5«23^^ JR^BOO A s * 

— 2X10 17 /cm 3 N ^^v">A?fft2X10 2o /cm 3 

lw»|«i-5^y^T^*hfc««7ii«S^r-ryr« 40 
jftSiiT^S. tf 7iti8tlt »9«zj:9««tW 
[00121 W:, Z<Dffife<Dmyt?<U-— Kl 0^$3 

±««*j««[wJ:9>lJfiS*tfc 0 JHi*&ixfc#;*r±, NH 

(CH 3 ) 3 ) («T TTMG j irlBi") £ h D * *f- frT >v * =. 
fr-MAHOW*) (WT riMAj tEt) t h^fM 50 
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>v>^A(In(CH 3 )3) («T riMI j tlEi") <h, 

K^~£^(Cd(CH 3 ) 2 ) (BIT roMCdj fc|E+) t 

(C s Hs) 2 )(«T rcp 2 Mg j <tfE-T) 0 

[0013] tt, mmfcfrRTfffrMmtzx vm&Ltc 

BE T'H 2 £ at® 2 1 i t er /# TS^I Sft L * b fiS 1100 

[0 0 14] Jfcl;:, JftSS: 400^Ti&T£-frT. H 2 8* 
20 liter/$i\ NH 3 8:10 liter/£\ TMA Sr 1.8X10~ 5 
^/^/#Ti£*£LTAlN ^y7ri2^ 500A<7)/¥ 
£fc»fiS£nfc 0 Sclw, U-:7 7>f T£«l<£>ffl££:ii50 
tUKStSfU BtJ*Kj2.2 Mm N S^zt* 2X10 18 /cm 3 CO 

[0 0 15] J^T. ^ »?^(Cd)c>^y ^^(Si)^:^ 
it^t LT^7fet: o -^&5^430nm ^f^^Lfc^co 
f*i5 (T^r^yf) S:U J ^^^K^4, 6 ^ffl^g 

^*n + ^3^ff^b^^. ttlr^T, -^^T-rTS1gl 
COfflK 4:850 tlrffflFU N 2 ^J±H 2 S:10 liter/^. NH 
a Sr 101iter/5^s TMG $r 1. 12 x 10"*^ /u/^, TMA Sr 
0.47X10-^/1-/^. TMI ^-0.1 X10- 4 ^e/U/^ s ^ 
t>\ S/7>4:«AL, ^J¥^0.5 //m. »*i xio 18 /c 
m 3 cn>>y =i>- K — ~f(D (Alo. 47Ga 0 . ss)o. &In 0 . iN rj^^Sc 

[0016] M^T, a« fi:850 c Ci^«^L, N 2 XflH 2 
4:20 liter/^, NH 3 * 101iter/^> TMG £rl. 53X10 
-^yu/^, TMA S:0.47X10- 4 ^/U/^, TMI 5:0. 02 X 
10-^/U/^, &t>\ CP 2 Mg &2 XlO- 4 ^eyl-/5><tDMCd 

d) ^ y ^yfSi) K—^0(Alo. 3 Ga 0 . 7)0. 9 4 Ino.o 6 N 

(Mg)^ft^(^ lX10 19 /cm 3 . ^ ^A(Cd)<^SS(i5 
xio 18 /cm 3 XfoD, *>y 3>(Si)(^»«H:l xio 18 /cm 3 

[00 17] It^T, ffi*S:1100 < CK«t*U N 2 X{iH 2 
4:20 liter/^, NH 3 S: lOliter/^, TMG 8:1.12X10 
-ME-/i-/^\ TMA 5:0. 47XiO" 4 ^eyu/^, TMI £0.1 x 
lO- 4 ^/^/^, RU 5 , CP 2 Mg 8:2 xio- 4 ^e/i-/5>^A 
L, WJ?^1.0 ^ m<Z)^^->£i*(Mg) K— -7<D{h\ 
o. -»rGao.s 3 )o. 9ln 0 . iN ^b^^p|6 l8rJF^L/c 0 
Pi6 1^^5/^AO|glil X10 2O /cni 3 -C:^5o 
CCOtt^-Cii, pi6 1tt, l&Smo* QcmW± 

H 2 £20 liter/5^, NH 3 8: lOliter/i^. TMG 8'1. 12X 
10-^/u-/^, Slc>\ CP 2 Mg 8: 2xio- 4 ^e/u/^^S'J& 



5 

"Cig A L , mmSO. 2 n m (O ^ i/$J* (Mg) K— *7(D 
GaN frh$Lh%2 Z h§62 L 7t 0 ^2 ^ 

K/f6 2(D^?*i>"?J*(Dm&\*l X10 2O /cm 3 T 

fitfE^lO* Qcmai±c7)^{$:Tfc^ 0 ic^T, S/£Sr85 

0 °C{w£imU N 2 XiiH 2 5r20 liter/^, NH 3 lOlit 
er/;9\ TMG £r 1. 12 X 10-^/k/£\ CP 2 Mg £: 4 

xio- 4 ^^/^(7)#J^-Tr*AL, J@IJ?#)500 Acn-^jf^ 

>">.MMg) K— T^DGaN 7)^J&5»§1 ^>^^M63 

felt 2Xl0 2O /cm 3 -Cfe^o r<^^T^i, 11^^^^ 
M6 3^ JgtfC^lO 8 Qcmi^±^^^T^ 

[0018] ^m^mmmmm^m^^r, mi 

M63, I2^>^^M62, p|61^ 

ADiimii^iOKv, Kr+m^ti mA, tr— ^<7>^gj 

j$*0. 2mm/sec . tf— Ag60 m 0 x X^*5. 0 X 10" 5 
Torrt?&5o d Og^ig<7>J»l*Kl J: 9 , II^^^^ h 
163, f2^y^^M62, pf61 3fctf3B3te* 5 
fi. -tJVPft. 'MRS 2X10 17 /cm 3 , 5X10 17 /c 
m 3 , 5Xl0 17 /cnr\ 2Qcm, 0.8 Qcm, 0.8 Qcm 

[00 2 0] (U 3 {C^l-J: 9 ir, g 1 ra V# * YM 6 3 
<^±|^ x V >?\Z& VSiOzM 1 1&-2000A<7W 

hl2^iffilfc e ^LT, 7^hyy^77i:j;?) > 
SMfc A t -t <o«@^/&gB Sr p /1 6 l (7)«# 

[0 0 2 1 ] JfclZ, m4lz9fk-t£o\z^ 7* h h 

1 2l££oTafoixT^fc^Si0 2 Jil lSr7y^t**S£ 

7^- h Uy^ h 1 2.&l>*Si0 2 /f 1 1 CiotSbtlt^ 

n" ^4^_hM— SB Sr. K^ffO. 04Torr. IISIAO. 
44W/cm 3 , BCl 3 ;#*£lO ml/#(7>*J-&Tfftjf£ L ^ 

T\ S^yT«Jgn + ■ 4 fc^Sm**ffiL<0fc* 

[0 0 2 2] H]6(r^-rj; p|61 ±(C« 

oTl^3Si0 2 JiJ 1 yfb**Bt-eift*L-fco 
0 7C^tJ; o iz % RftoJb^ffitc, Nilil 3 
J:9fl?i*Lfco 7L1 5 Kite, ^ty/S 
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5 0 -t b"C, g)7^^i" J: -^coNiJii 3co±C^ 
* huy* M 4«ri6*L-t\ 7^-hyy^77i:J: 
0 s -^co^^ h i/y'7, h 1 4 ^iS^r^ y 7i8$n + 14 
Mp16 li:#t5t»^<J:5iv, 0r^0tt^ 

[0 0 2 3] H17(c^-t- < fc 9ir^c^)^^ h ui/^ 

h 1 4 * t LTT^^Ni^ 1 3 <DmttiM&ffi$£% 

io ^com9{zmm^titzmmi sii:»s*h5o 

y7l«n + 14(7)1(18, f lny^^M6 3 (DM 

[0 0 2 4] Z.<D£ S^LrWfelXfc***^, ffitb 
mSS20mA"trieSbmE4 VT% ^*t°-^?g[S430nm , ^ 

[0 0 2 5] X, _bf2c0^5fcJf 5l:i:}otf3# »>^(C 
20 d)tv!J=iy(Si)©Ig^ 1X10 17 -1 
x i 0 2O (Di5ffl^^ir^^Ji$it>5^-eM^Lv\ 

1/2 — i/io^eac^*i^3i s «t ^it t-v\ 

[0 0 2 6] JifB<OHtS0l|-ete, **i5^yK*t 
y^WW-fiF*E"r*P*6 cfrS^ty7ffn + ^4 
60/0 y ^J: «9 4>/h^ < J: 5 n 
g^HM^Tl^o X, m^>CD3 0(Dg(DAl, G 
a, ln<Df&.ftt£\±s GaN OjS^r T n * ^^*&^F 

30 [0 0 2 7] g 2 Hffi fflJ 

g 1 *^^J<7)^7feg 5 Ji. ^ 5/ A (Mg) ^K;^ 

i:ffi»(Zn)4: V 1> =^(Si) t *««JnsnTV^. JilBO 
S^rty7l*n + 13^ML«I, Ut^T. 
>fT*ISl <7>?fi*Sr800 °CIC^L. N 2 ^20 liter/ 
NH 3 Z lOliter/^, TMG Sri. 12 X lO" 4 ^/!-/^, 
TKL\ ^0. 47X10- 4 ^e/t-/5>. TMI ^0. 1 X10~ 4 ^evu/ 
&t>\ v/7^^IAL, )KJ?^0.5 jim, j§S 2X 
40 10 19 /cm 3 COv-y ^> ^^(Alo. 3 Ga 0 . 7 )o. s^Ino. o 6 N 

[0 0 2 8] UtV^T. ffl&&1150 < CttlfSt?fU N 2 ^20 1 
iter/^, NH 3 lOliter/^, TMG Srh 53 X 10" 4 -=e/U 
TMA £0. 47X10" 4 - : e/U/;9\ TMI 4r0. 02X10"^ 
^/5>, CP 2 Mg Sr2 xio^^e/u/^, ^>^^S:ioxio- 9 
^>\s/9r. DEZ Sr2 xio- 4 ^e/^/^T7 »iAl, mm 
foO. 5 •> A (Mg) i;y^y(Si)i S«8 (Z 

n)<^ K— ^ (Alo. o^Gao. 91)0. ^In 0 . 01N 7^6/5£5 

50 ^OlKil X10 3 */cm 3 -C#>9, ffift(Zn)(Og*tt 2X 
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10 ls /cm 3 -e&9, is!) 3>(Si)(^»*ttl XlO^/cm 3 "? 

[0 0 2 9] ttt^T, ^«SrllOO c C(c(*^L, N 2 £20 1 
iter/^, NH 3 & 101iter/£\ TMG £l. 12 X HT^t /l- 
/5h TMA S:0.47X.l<r^eyl'/$h TMI £0.1 XlO~ 4 ^e 
>^/$K RV, CP 2 Mg &2 xio- 4 ^yu/^fAt, !KJ5 

o.s^Ino.oeN ^^^pl6 1 SrJUfiSUfco Pl61<?) 
^^v^J^jft&ttl X10 2O /cm 3 T-S)^ o r^tttBT? 
tt, P.I6 lfi, £fc\ *g*t*10 8 DcmEt±^l6IW*-C 

[0 0 3 0] itt««:850 'CKftftU NaXttHz 

£20 liter/#, NH 3 £r 101iter/57\ TMG £1.12X10 
" 4 ^yu/^ RXfi. CP 2 Mg £ 2X 10~ 4 ^ ;u/# T- 
SAL, IKJWKJ0.2 /im^^v/^Afllg) K-^tDGa 
N HfiJ5§23^^ hJf6 2&J&j£L1t 0 %2^^ 
$2 M6 2^^^r>AOMlil xi0 2O /cm 3 T'& 

50 -^ffi-Ctt, H2 =1;/^ KJf 6 2f±. £7t\ Jg 
Ja^lO 8 QcmW±<0*6i»frX-fcSo ttV^T, fi«S:850 
t^iSt^U N 2 :KteH 2 £20 liter/#> NH 3 S: 101 iter 
/$h TMG Sri. l2xio- 4 -e^/5>. CP 2 Mg £ 4x 

v^(Mg) K-^GaN 1 ^^^M63^ 

2xio 2 °/cm 3 -e^^o ^(o^mx^ b 

S6 3lt £fc, Sta^lO 8 QcmW±0*6lt*T^5o 

[0031] R*t«^ii«ia»f»fliS:ffi^"c. mi 
M62, p m 6 1 xtwsftjf 5 ic-^m^is^j^H- 

L*l 0 :ni:J:9, hi63, 
^^62, pi6 lXlW6*«5S:pe»S<t-rsr. 
fcj&S-e#fc 0 Kl 0 liS2ft«dK20mA-e 

H2»«flE4V-C*>0, 3§5fet: 0 -y-j£g^ 430nra "Cfc 
5. **3S«ttl000mcdt?*>So 
[0 0 3 2] ^3ili 

5fctt-^*>'*-MlIg) irffift(Zn) <^>!i ^(SO^Ir) 
P#(Z K— y^nfcGa y I ni - y N x pi6 Kiv^v/^A 
(Mg)<£> K — ^7°$ix/cAl x iGai-xiN , 3r y TZiS n " 
Jf4fi*>y ^>(Si)C0 K— T'^ttJtAl^Gai-xsN T-JKrit 
Lfc 0 tit, ffl/&Jfcxl,y,x2 tt, «*|5«)/<>K¥ 
ti/7 P // i il :3 rt!i7Mn + i4, pl6 1^<>K* 

51 9^R3£*ft5. r*h 1 1^>^^M62, ^2 

[0 0 3 3] 1U1 0JZ*5^T, 5Sjte^>f Kl Oft, 
t7r^7ifilttLtfc9, ^:^if^ T ^TS«l 
±(Z500 AcOAIN W/<-y7ri2^M$hTl^o * 
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(7)/<^/7rl2(D±i:ij:, JKff^4.0 /< m. fl;^ 

Sff2 X 10 ,8 /cm 3 <75'> y ^ > K— ^GaN /^b/sJcSiS^r-V 

§&R>y K-^Gao-^Ino.oeN frh&LZ>3£%M 
-. 5, JBIJS#-J0,5 /im, * — ^»fiE 5X10 J7 /cm 3 (^-v-^ 
K— ^Alo. iGao.aN 7&>bJ5i5t3 P Jf 6 1, l&Wlfa 
0.2 /im, 5X10 17 /cra 3 , ^ ? ^is^ J*M& 

1 X10 2O /cm 3 (7)^^>>^A ^GaN 7^ibj&5^2 
^>-^y- hi62, JgU¥#]500 A, * — yl'jfrK 2X10 17 
10 /cm 3 , "7 ^ y ASS 2 X 10 2 7cni 3 O^ y r> A K 

fit, n^y^^ M6 3izmwt-tz>~vy 

[0 0 3 4]fc ro«3S03BA^>f Kl 

JS^rfe^ot^xfftMi-So JSiSOfc«fcra«K. ain co 
/<^77l2S-e»*t8. i^^T-rrssicT) 

20 Jl«Srll50 < C^*«FL. ttl?^4. 0 tim. n^Wk!£ 2X 
10 18 /cm 3 c^v/y 3 > K— ^COGaN 75^^:5 iS^r-Y ^ 7fi 

[0 0 3 5] J^.T, Mln v (Zn) aXSi)*:***,^ 

i: bT^*t o -^«ft^450niii lcK^bfc^co^3t@ 
5. ^^^y KM. fiP%, pi6K S2^^^M6 
2 . flny^^hi63 coa^lt^^^S^co 
HllEMSrE-f-c ±ISOiS^r-v y 7Mn + ^4 S:«j*b 
reft. ^Et^T, ^7r^TS«loa*Sr850 «C^«« 

N 2 XHH 2 ^r20 liter/5)-. NH 3 S: 101iter/£\ TM 
30 G ^rl.53X10- 4 ^-yU/^. TMI ^0.02X10"^^/^, 
CP 2 Mg Sr2 X10~ 4 ^/U/^, DMZ £2 X lO" 7 ^^/^, 
'>^^SrlOxio- 9 ^eyu/^T-*AL, ffiJ5#?jo. 5 ^mco 

isty J* (Mg) i: (Zn) dr > V =» >- (Si) K — ^COGa 
o. ^Ino. oeN <D&%m 5 Sr»fiR U7t 0 r <0^«-e*3tlB 

[0 0 3 6] ^t^T, ^«^850 t:{C{^^L, N 2 XttH 2 
$r20 liter/5^, NH 3 lOliter/^. TMG ^rl. 12X10 
" 4 ^yU/5>. TMA £0. 47Xl(r*-=evU/£\ Rc>\ CP 2 Mg 
^:2XlO- 7 ^e/W/^T7 5)#AL, BIJ¥**I0. 5 /xmO^ 
40 J* QAg)<T> K—'T'^^tfcAlo. iGa 0 . 9 N ^^5p 

^6 l £0/&L*: o pi6 l tt*«r:^4ft«-e«a*io 

^ A (Mg) CDjggte, 1 X 10 19 /cm 3 T'^^o 
[0 0 3 7] «l*-C, i^S^850 tJ^CfeftL, N 2 XttH 2 
4-20 liter/^, NH 3 lOliter/^. TMG Sri. 12X10 
" 4 ^yu/^, Rt>\ CP 2 Mg ^r2 x lO^vu/^A L , 
flll?^0. 5 /irn^^y^^(Mg) K— y^c^GaN 

6 2^-^^v'^AcoSafil X10 2 7cm 3 tfe^) 0 CCO 
50 ««"t?tt, ^2^>-^^ hi6 2li, 43t. Sfci^lO 8 
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U N 2 XteH 2 £:20 liter/5}-, NH 3 £ lOliter/^, TM 
G £l. 12Xio- 4 ^;u/£\ Stf, CP 2 Mg Sr 4xiO' 4 ^/u 

/Co ^^S/ 2X10 2O /cffi 3 ^fo^ o 

[0038] si»m=Htmifimmt:m^x^ 

15, pi61, *23^^hS62RySl=^ 

fl=tt. Il»l^-T^^ r<D«^-j|»^flg*t^J: 10 
•9, p|6K«23^ni62St;»l3^^ 
M6 3I1 -tJx^ptt. /^««5 X10 17 /cm 3 ? 5X1 

O^/cn^XlO^/cm 3 , Sta^O. 8 , 0.8, 2Qcm<7)pfe 

[0 0 3 9] ®^ffiW6 XIO'W COB*, r605§3t^ 
<Ol£»mmi4®^2 0mAB#4 VT~&«9, 8K8S1I4 3 0 
~4 0Q-efcofc 0 X. «figffi«1.6 X10- 3 cm 2 OWF. 
wCO«3t* J ?-<^IE*!l«ffi»eSfE2 0mAP#3. 5 Vt'fc^ 
ttftU&ffittl 0-15 QTfcoTto 

[0 04 0] ffi, GaN 1 =i ^ hf 63 Sr^^-f" 20 

^>^FiC, Mg«*£l X10 1£ 7cm 3 ^<b2 X10 21 /cm 3 ^T^ 
ffcS*T*3fe*^«r»/SLfc.o Ell 1 tt, rcO^com^fc 

{111.2V ^b4.0V^-C^ftb, f®7 t^l a^** h 
16 3 fc<&tt«J6«i 14250 Q-30Q*T^kLfe o * L 
T\ UgOWtBtti* 2XlO 2O /cm 3 ^0#. K»«JEtt*ffiffi4. 
0 V. ®te®fei30Q(Dfttefii:^^L. Mg<O««0 s 2 X 10 
21 /cm 3 cOP# > BK«Ett5.0 V, Steffi^[70Qc!:±#L 
fc c Ktt«EES:5VttTi:-t-*J-li, ^ 

lny^n|6 3<E>Mg»«Srl X10 20 -l xio 2 Vcib 3 30 

[0 04 1 ] X, 0 1 2^12 = hJf 6 2XJip 

me i *«j«^*W^iig»«fc-t<?5Ji^*3*ts^— 

mt<Dffi&&7FL,tzh<DX'hZ> 0 Mg »«*5 X10 19 /c 

m 3 ^-et@iD$-^5 &mmm xio^cm^-eitan 

t\ Sot, ^2 hg6 2Xl^pl6 l<OMg« 

S£ lxio 19 — 5xi0 2O /cm 3 OiBH-e^l hS 
6 3(0 Hg i*iOfi**itS^a*L<, t^t 40 

[0 0 4 2] ±IB(^3llft«*w*5t>-C, *3feJB5*3*3*t5 

stt(zn) t->y^> (si) 0>*ani, -tn-ett, 1x10 

17 ~1 X 1 0 2O (^l5IS^^^^*^^±$it^^T:^^ 
Llr^iWofco £ L< ttl xio ls -i x 

l0 l9 <Di5ffltfSfti* o i xio^iO^&^tSft*^** 
<, 1 xio ie ±t)#i^tsef B i43&5B<tt5, X, 
>(Si)cOrtft(l, ffifeMZnJCit^T, 10ffiF^l/103&s*f4 

l<, $fc^ff*t<tti -i/iocowe«*\ '>>ttMi so 
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[0 0 4 3] X, ±ia^HtE0iJ^*5^T, = hS 
£ It, i^Sit(-^^^^^(Mg)Sr^PL7t»l 3> 

(Z.^^i/^A(Mg)^^DLfc^2^>^^ hi6 2^ 

[0 0 4 4] X, Tt^Z^Wtote. *<}) D «?^(B 
eh ^^->?A(Mg), ffifS(Zn), #KS9-MCd) % tK 
ffi(Hg)$rJBt*Tt>&l/\> K"t— 5p>E»ttt, 

Hf(Ch yl)^y(Si), y/u-^- ^^L(Ge), «(Snh & 

[0 0 4 5] Kt-^««tLT, >f*^(S) 

, tUy(Se), f/WU(Te)^ffll/^:H*C^§ 0 p 

[0 1 ] *»Wo*flcWftlB 1 ^ 
[0 2] iaill(t«0«3t^*— K^«ifixaS:*Lfe 
[0 3] HSt*W^3B3fe^*--Ko«36xeSr*Ufc 
[04] WSW«o»*^*—K(D»JicXa«:»Lfc 

[05] rajnfcw^**^*— K©«3txa*:*bfc 

[0 6] n%W^\<0^%^^^— K^jKigxa^r^Lfc: 

tff®0o 

[07] wsat«^»*^*--K^«axa*:*ufc 
»fffi0 o 

[0 9] *3»«*r«a**^>r*-Ko*rt;«r«b 

fcffi^0 o 

[010] JB3**«»=«S»*^*--K^*ril«r* 
[0111^1 ^^-^^ hJHz*3*t«^^5/^A»« 
[012] ^2 MllipIC^lt^-^^y 

[»t©RH] 

l 0»-«*^>f3i— K 

3-»^t!)7Sgn + 9 
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5 

6 -pJf 
6 1 • * p If 



(7) 
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6 2-|2^>'^^ ki 
6 3-^1 ^>9 9 hi 
7, 8— Utt 

9-m 



mi) 



IB3] 



7 Ni 




63 ft* (Sfc-doped ff) 

62 &*J (*j-doped <g) 

61 MAI. s Gat-.«),lnt- v ,NC»g-daped) 

5 p-{AI„ SB,^,K.ln,-,.»C«B»CdSi-doped) 

4 nMAI.ifei-.i )rtln,-„lKSi-dQ|)ed) 

3 n + -€aN 

2 AIN 

1 Sapphire 




[012] 



[B4] 



[13 5] 



[06] 



[H7] 






[ill] 




«1 3^^^h»CDv^->^A«g ( /cm* ) 



(8) 
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[12] 8] 

63 p-&N (Hp-doped 
62 p-GaN (fe-dcped {£) 

5 p-(AI.. Ga,-„)M ln..». N(H&2^ Si-doped) 

4 nMAU.Ga,-., ),tln,-,rK(Si-<Joped) 

3 n*-GaN 

2 AIN 

1 Sapphire 



[09] [010] 





7 a y h^-y(Da# 

(72) *w* mm urn 

Site ftffl-&j*t*5t£tfci*i 



(72)3§W# 'J* IE£F 

g&Uffi* 0 #Sf5.# 0 BT^i^&^ftlW 1 



(9) #PjB¥8-9 7 4 7 1 



(72) 'h» 

m<0 1 tt*^ttft ffl +*«F^0rrt 



